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Abstract 
Fiber reinforced polymer bars are increasingly used in the construction industry. Strength, durability and stability 
are the main criteria for selection and design of FRP. However in case of exposure to high temperature, the change 
in the material properties affects the overall structure performance. Extensive materials evaluation and numerical 
modeling are needed to determine any repair/demolish recommendations. FRP bar is one of the main choices for 
high corrosion resistance in sever environmental conditions. However, FRP materials lose their strength and 
stiffness at early stage due to high temperature. Many investigations have been carried out on the performance of 
FRP bond strength exposed to high temperature.   
In this paper, two different groups of Glass fiber reinforced polymer (GFRP) specimens were tested to determine the 
effect of the high temperature. Tensile test was applied on all specimens with three different speed rates where the 
critical temperature for this experiment was 350ι. From the results and the graphs, the effects of the temperature 
were explained and analyzed. It showed a reduction of 32% in the tensile strength due to high temperature exposure 
and an increase in its ductility.
© 2013 The Authors. Published by Elsevier B.V.
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1. Introduction 
Temperature affects the rate of moisture absorption and the mechanical properties of FRP composites materials. 
Usually, FRP strengthening is applied on fractured concrete sections. Thus, the presence of voids in the FRP-
concrete interface may cause some deterioration issues. To explain, in cases of low temperatures and when there is 
an entrapment of water within those voids, the expansions of water may cause delamination of the FRP at FRP-
concrete interface. Hence, the effect of freeze/thaw cycles on the behavior of the strengthened member must be 
considered. Mechanical properties of FRP composites decrease when the material is exposed to elevated 
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temperatures (37°C to 190°C). The increase of temperature accelerates creep and stress relaxation. A decrease in 
temperature can lead to possible increase in [1]: 
1. Tensile and flexural strength. 
2. Fatigue strength and creep resistance. 
Furthermore, a decrease in temperature can lead to possible reduction in: 
1. Elongation and deflection. 
2. Fracture toughness and impact strength. 
3. Compressive strength. 
To evaluate the bond strength between FRP bars and concrete, Galati et. al. [1] conducted an experiment that 
investigates the bond strength under high temperature. According to the writer, FRP re-bars can be used in places 
where steel re-bars cannot be used. However, according to the writer, reaching to a temperature above the glass 
transition temperature (Tg), the polymer will start to lose its mechanical properties, depending on the amount of 
crosslinks and the degree of crystallization. In this study, FRP bars supported the load in the longitudinal direction, 
and it showed better thermal properties than the resin. It was found that the GFRP and CFRP re-bars lost about 20% 
of their tensile strength when they were exposed to a temperature of 250°C, which was much more than their (Tg). 
As stated by the author, the first thing to break under high temperatures was the bond between the untreated FRP bar 
and the concrete.  
Masmoudiet. al. presented [2] another paper that studies the effects of high temperature on the FRP bars where it 
focuses more about the changes that could  happen to the  mechanical properties of the FRP bars due to the elevated 
temperature. According to the writer, the mechanical properties of the FRP changed when it was exposed to higher 
temperatures over their (Tg). In that paper the tensile strength and stiffness of different FRP bars were tested and 
compared with the regular steel bars used in construction industry today. The objective of this paper was to develop 
a research data that can be used in future for computer modeling considering fire resistance parameters. 
The testing procedures included two parts: 
1. Preparing the testing samples. 
2. Testing the samples at elevated temperatures. 
 Each of the tested FRP samples had sand embedded in the vinyl-ester resin layer. The addition of the sand 
particles was the reason for improving the bond strength between the FRB bars and the concrete. An important 
consideration for testing the FRP rods is that the failure should occur within the body of the rod not at the anchorage 
zone. FRP has a low gripping resistance so that a good design of the anchorage zone should be carried out. In this 
study, an-expansive cement confined in circular steel tube was used as a grip. 
Observations and results of this experiment were: 
1. As intended, all test specimens failed in the specimen core and none of them failed at the anchorage zone. 
2. There was no fracture in the steel bars, because steel showed large ductility and there was no place in the form 
to reach fracture. 
3. The displacement transducers failed to read data for the small specimens at very high temperatures. 
Recent investigations [3-6] showed FRP increases both tensile strength and ductility to structural beams when they 
are exposed to normal temperature.  
2. Experimental program 
2.1. Details of materials and test matrix 
     The total number of the GFRP bars in this experiment was six, where all of them have the same length (150mm) 
and diameter (8mm). The Six specimens were divided into two groups where in each group; there were three 
samples as shown in the Table 1.  
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Table 1.Test Matrix 













As it can be seen from the matrix that, three different frequencies were applied in both of the groups. The 
frequencies were: 
(a) 0.5mm/min 
(b) 0.2 mm/min 
(c) 2mm/min 
2.2. Test set up 
The diameter of the samples was 15mm, which could cause some difficulty to fix the bars into the Instron 
universal testing machine (UTM) to perform the tensile test. Due to this problem, grinding the samples was applied 
to have suitable diameter which was 8mm. There is no doubt that the yielding strength of the fibers will be impacted 
due to the grinding. To illustrate that, in any FRP manufacturing process such as pultrusion, three typical layers 
should be compacted (Heated die) to produce the FRP profile. These layers are [7]: 
1. Continuous strand mat (CSM). 
2. Stitched fabrics (SF). 
3. Roving bundles. 
Roving bundles layer is the first layer that is assembled during the manufacturing. Due to that, it takes most of 
the comparison load when it is applied. However, since all the samples in the experiment have the same material 
(GFRP bars) with the same dimensions and the purpose of the project is to compare between GFRP bars in under 
room and elevated temperature, getting lower yielding should not be a major issue in this project.   
The second step in this experiment was to prepare (UTM). Fixing the grips is an important aspect in applying 
the tensile test where the samples should be tied in them to avoid any slipping during the test. Another issue with the 
grips was the potential to damage the samples because of strength of the grips. However, the GFRP bar did not 
fracture or collapse when it fixed in the grips.  
3. Results and discussion 
3.1. The behavior of tested specimens under 0.5mm/min 
This was the first stage of the experiment, where the load rate was 0.5mm/min. Both of the bars fractured after 32 
minutes. The ultimate load for the (GB-0.5) was 13500N and it decreased into 10100N for the (HGB-0.5). The drop 
percentage is 25 % as shown in Fig.1. 
3.2. The behavior of tested specimens under 0.2mm/min 
The load rate decreases into 0.2mm/min, therefore the period of the test of each bar to fracture increases into 47 
minutes. The fracture load for (GB-0.2) was 15000N and equal to 10200N for the (HGB-0.2). It can be noticed that 
the unheated sample resisted more than the heated sample by 32 % as shown in Fig.2.  
3.3. The behavior of tested specimens under 2.0mm/min 
The load rate was high comparing with the last two stages in the experiment. Complete fracture occurred within 5 
min. The difference between (GB-2.0) and (HGB-2.0) in the ultimate load is 12%. Fig.3. showed that the fracture 
load for (GB-2) was 8200N and equal to 7200N for (HGB-2.0). 
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Fig. 3. Load vs. Extension:  (a) (GB-2.0), (b) (HBG-2.0)
Fig. 1. Load vs. Extension of (a) (GB-0.5), (b) (HBG-0.5)
Fig. 2. Load vs. Extension of (a) (GB-0.2), (b) (HBG-0.2)
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3.4. Discussion thebehavior of tested specimens  
For the unheated samples, when the rate was 0.5mm/min and 0.2 mm/min, the ultimate strength was 13200N 
and 15000N, respectively. However a big drop happened in the ultimate strength when the loading 2min where it 
reached to 8200N. For group 2, the same scenario was applied on the ultimate strength, but with less value due the 
elevated temperature. The specimens that were heated to 350°C had high reduction in the ultimate strength 
compared to the bars in group 1. It can be also noticed that due to the chemical compositions of the glass fibre, the 
softening behaviour resulted in high extension of 12mm. This proves the ductility advantage in the glass fibre. 
4. Conclusions 
The experiment was carefully and successfully conducted to determine the variations of tensile strength and 
ductility when GFRP bars were exposed to elevated temperature. The main conclusion is that; a temperature of 
350°C appears to be critical for FRP composite bars. The following conclusions have been also drawn: 
(a) Strength reductions of different GFRP bars are almost linear; there is a reduction of 32% in tensile strength due 
to high temperature.  
(b) High ductility of the GFRP bars can be used as pre-failure indicator for structural elements. 
(c) The elevated temperature and rate of loading play a major role in the reduction of tensile strength. 
(d) It is recommended to carry out further research to support the above results.

5. Acknowledgement 
The authors are greatly acknowledged the support provided by Emirate Foundation in UAE. They would like to 
thank Eng. Salman Pervaiz for his valuable support in the laboratory. Finally, thanks and appreciations go to 
Conmix Company, for providing the necessary materials to conduct the experiment.  
References 
[1] N. Galati, A. Nanni, L. R. Dharani, F. Focacci, and M. A. Aiello, "Thermal effects on bond between FRP re-bars 
and concrete," Composites Part A: Applied Science and Manufacturing, vol. 37, pp. 1223-1230, 2006. 
[2] R. Masmoudi, A. Masmoudi, M. B. Ouezdou, and A. Daoud, "Long-term bond performance of GFRP bars in 
concrete under temperature ranging from 20°C to 80°C" Construction and Building Materials, vol. 25, pp. 486-
493, 2011. 
[3] A. K Al-Tamimi; Rami Hawileh; Jamal Abdalla and Hayder A. Rasheed, “Effects of Ratio of CFRP Plate 
Length to Shear Span and End Anchorage on Flexural Behavior of SCC R/C Beams”, ASCE's Journal of 
Composites for Construction, 2011. 
[4] R. Hawileh, Adil K. Al-Tamimi, J.A. Abdalla, M.H. Wehbi, “Retrofitting Pre-Cracked RC Beams Using CFRP 
and Epoxy Injections”, Key Engineering Materials, vol. 471 – 472, 692-696 February, 2011. 
[5] R. Hawileh, J.A. Abdalla, Adil K. Al-Tamimi, “Flexural Performance of Strengthened RC Beams with CFRP 
Laminates Subjected to Cyclic Loading”, 2011, Key Engineering Materials, vol. 471-472, 697-702 Journal  
[6] M. Naser, R. Hawileh, J.A. Abdalla and A. Al-Tamimi, “Bond Behavior of CFRP Precured Laminates 
Experimental and Numerical Investigation”, accepted for publication in the Journal of ASME Engineering 
Materials and Technology, 2010.  
[7] Wu, H. C. Advanced Civil Infrastructure. Cambridge England: WOODHEAD PUBLISHING LIMTED, (2006), 
pp. 118.  

